INTRODUCTION 1
While the literature overwhelmingly agrees on transit-oriented developments as a 23 promising land use proposition to combat urban sprawl and congestion, yet the rate of increase 24 and success of TODs, in terms of saturating the real estate market in areas with good transit 25 network coverage has been sluggish. Cervero claims one of the reasons for the slow increase is 26 excessive supply of parking in TODs even in the urban areas. 27
In "Are We Over-parked?" (Cervero, 2009 ), the author found the mean parking supply of 28 1.57 spaces per unit were 31% higher than the 1.2 spaces recommended in ITE Parking 29 Generation, and 37% higher than the weighted-average peak demand of 1.15 parked vehicles per 30 unit at 31 residential projects near BART metrorail stations. The study shows that the over-1 supply of parking spaces would result in an increase in vehicle ownership (Cervero, 2009 ). 2 Similarly, in an assessment of land use impact on transportation, Todd Litman of the 3 Victoria Transport Policy Institute has made several references to the high trip rates that result 4 from application of the ITE trip generation methodology for both residential and commercial 5 developments. In a parking study performed in Portland, Oregon, he found that transit-oriented 6 developments require 0.73 vehicles per housing unit as opposed to the 1.3 vehicles per housing 7 unit recommended in the ITE Parking Generation Handbook (Litman, 2010). 8 The unsuitability of ITE's methodology is further described and analyzed by "Trip-9
Generation Rates for Urban Infill Land uses in California" report sponsored by Caltrans (Kimley 10
Horn and Associates, 2009). 11
The Caltrans' research was primarily intended to establish data collection methodologies 12 associated with infill land uses and also to develop a database of trip generation studies of infill 13 developments in California. The ultimate goal, however, was to determine trip generation rates 14 for urban infill developments. The study followed the guidelines of ITE Trip Generation 15
Handbook, 2nd Edition, for establishing local trip rates. The trip generation rates developed as 16 part of this study was based on the empirical data that was collected from the 27 sites. The 17 results of the study showed that the trip rates were substantially lower than the trip rates 18 recommended by the ITE methodology (Caltrans, 2009) . 19
The Alternative Mode (Non-Auto) Final Report Trip Reductions Database Study 20 prepared for the Virginia Department of Transportation (VDOT) also recognized the 21 unsuitability of using the ITE recommended practice to develop trip generation forecasts for 22
TODs (HNTB, 2009). 23
Another methodology to accurately predict the traffic impacts of mixed-use 24 developments with presence of transit was developed in a national study for the US EPA, 25 performed by a team composed of both Fehr & Peers and academic researchers. The 26 methodology is known as the "MXD Methodology" and is developed using the "D variables" 27 associated with a land use. The original three Ds, density, diversity, and design created by 28
Cervero and Kockelman (1997), followed by destination accessibility, distance to transit, and 29 demographics (Ewing and Cervero 2001) which was developed later. 30
TRB 2013 Annual Meeting
Paper revised from original submittal. The MXD Methodology basically computes daily trip estimates using standard ITE rates 1 or equations and then determines the probability of a trip staying internal to the mixed-use 2 development (P_internal), the probability an external trip will be made by walking or bicycling 3 (P_walkbike), and the probability an external trip will be made by transit (P_transit) using user 4 input information. 5
Once these probabilities are determined the trip generation is calculated as follows: 6
The three probability models (P_internal, P_walkbike, and P_transit) depend on variables 8 that are characteristics of the mixed use development which include employment, land area, jobs, 9 population diversity, average household size, and vehicles owned per capita. 10
The MXD methodology was validated using 239 mixed use developments nationwide. 11
The results showed a close correlation between the trip generation numbers derived from the 12 MXD methodology and the actual trip rates generated from the test sites. 13
While the accuracy of MXD methodology is undeniable, the methodology involves 14 numerous data input that is often complex and cumbersome to collect. The data requirements are 15 in contrast to the state-of-practice. Most of the data requires additional data refinement that often 16 involves the use of GIS and robust knowledge of database software. Transportation practitioners 17 often perform the analysis speculating the data which would result in subjective inaccurate trip 18
rates. 19
Another methodology is called the MTC methodology which is based on San Francisco 20 survey data. The methodology focuses only on TODs near high capacity rail and ferry services. 21
The MTC methodology is still in the experimental phase and is not in widespread use (Handy, 22 2011) . 23
This research examines the travel behavior of TOD residents and compares them with 24 non-TOD areas in the National Capitol Region. The myths and intuitions are challenged and 25 assessed. Vehicle ownership in TOD areas is determined and is compared with non-TOD areas. an extensive effort and requires a solid knowledge of database manipulation and GIS, the end 8 result provides valuable information associated with the travel behavior of transit oriented 9 developments. In this section myths and/or intuitions about TODs is examined. 10
The initial issue being investigated is that presence of transit facilities tends to reduce 11 vehicular trip rates in commercial, office, and residential developments. Intuitively residents in a 12 TOD environment tend to use transit for daily activities and the need to own a personal vehicle is 13 diminished. 14 To investigate this argument the vehicular mode of travel is extracted from all other 15 modes of travel (including but not limited to transit, walk, bike, car pool) and the rates are 16 compared between TOD and non-TOD environments. It is obvious that the TOD and non-TOD 1 environments must have similar characteristics (in terms of number of employment and number 2 of household) so that the comparison is unbiased. 3
The TOD segments contain mixed-use developments located within comfortable walking 4 distance of a reliable transit station. Arlington County, Virginia is the showcase of smart growth 5 strategies in the nation which offers a reliable, well covered transit network to its residents. The 6 mix-use developments adjacent to conveniently spaced transit stations service by the Washington 7
Metro constitute the TOD segment of this analysis. 8
The non-TOD segment, however, is a typical suburban environment which the land use is 9 predominantly constituted by single family homes, large lots, and plentiful parking spaces. Intuitively the rate of use of transit should far exceed any other mode both inside and 8 outside TOD zones. As Figure 3 shows, the rate of use of transit within TOD zones far exceeds 9 non-TOD zones. Similarly, the rate of use of personal vehicles in TOD zones is lower than non-10 TOD zones. However, a surprising element is the higher rate for use of personal vehicle as 11 opposed to transit usage inside TOD zones. A primary contributing factor may be the TOD zone 12 data includes trips with one trip-end in a non-TOD zone. In other words, while the trip origin 13 may be in a TOD zone, the trip destination may be in a non-TOD zone. In such cases, the 14 traveler is forced to take personal vehicle even though the trip origin is in a TOD zone. This is a 15 testament to the fact that while the MWCOG area enjoys one of the widely used public transit 16 systems in the nation, it's lack of complete service coverage to all areas of MWCOG results in 17 higher use of vehicle mode even in TOD areas. 18 A total of 38 data points were included in the analysis. The ITE Handbook recommends 24 using the regression equation for 20 or more data points to ensure normal distribution of data. 25
Furthermore, the Central Limit Theorem ensures normality given the random selection of the 26 independent variables. 27
The research hypothesis for the analysis is as follows: 28
• Let H 0 = There is no relationship between the size of the development in terms of 1 Gross Floor Area (GFA) and the number of vehicular trips in a transit-oriented 2 corridor within 0.25 mile buffer zone of a transit station. 3
• Let H A = There is significant relationship between the size of the development in 4 terms of Gross Floor Area (GFA) and the number of vehicular trips to in a transit-5 oriented corridor within 0.25 mile buffer zone of a transit station. 6
• Let α = 0.05 is assumed to be used for comparison with the P-value as a measure of 7 how reliable the independent variable predicts the dependant variable. 8
Results of the analysis show a very small p-value (0.0000) indicating the significance of 9 the model and shows that there is a strong relationship between the number of trips in the 0.25 10 mile radius buffer zone of a transit station and the independent variables which is the gross floor 11 area of development within the same zone. Hence, the null hypothesis (H 0 ) is rejected. 12 Furthermore, the R 2 , as the "measure of goodness of fit", is 63%. The value of R 2 is the 13 proportion of variance in the dependent variable (trips) which can be predicted from the 14 independent variable (gross floor area (SF)). The R 2 does not reflect the extent to which any 15 particular independent variable is correlated with the dependent variable. Figure 5 In addition to the sheer amount of data points that guarantees normality, normality of 7 residuals is determined. The analyses was performed utilizing Stata® statistical software 8 package. Figure 6 shows that the residuals are close to a normal distribution, thus we accept the 9 independent variable to be normally distributed. 10 11 Figure 6 .
Normality Test of Residuals 12
Heteroscedasticity, as another validation criterion for the regression model is performed. Results of the comparative analysis are shown on 
